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Recently, several works have generated interest inthe 
coordination properties of transition metals with polyamines 
which inhibit the growth of two tumor cell lines ln some 
human cancei' 2 . The coordinating capability of polyamines 
toward copper(II) 3 ' 4 ' 5 and platinum(II) 6 has been studied in 
aqueous solutions. A search of the available literature did 
not reveal any reports of coordination or these ligands to 
the palladium(II) ion. 
The purpose of this study was to prep~re and charac-
terize complexes produced by the reactions of spermine and 
spermidine with palladium(II) chloride. A first analysis of 
the problem seemed to indicate that preparation of the com-
plexes should be straightforward and not difficult. Bonding 
of the nitrogen atoms to the metals allows sterically for 
formation of two six-membered rings separated by a tetra-
methylene chain in a spermine complex, and by a six-membered 
chelate ring in a spermidine complex. 
In order to determine the composition, elemental ana-
lysis was done on the Pd(II) complexes. Examination of the 
infrared spectrum of each complex was used to determine donor 
1 
2 
atom attachment to Pd(II) as cis- or trans-, and to compare 
ligands with their complexes. 
Stability of the complexes was determined by examin-
ing the pH effect in a potentiometric titration. It showed 
that chelate formation of palladium(II) with an amine would 
result in a pH drop. Steps in the various syntheses are 
outlined in the following sections to point out the diffi-
culties encountered. Characterization based on elemental 




1. Chelating Tendencies of Spermine and Spermidine 
A molecule with three or four potentially coordinat-
ing positions (tridentate and.quadridentate groups, respec-
tively) may act as a chelating ligand. 
4 Palmer et al. reported that linear aliphatic 
tetramines of the type H2N(CH2) 3NH(CH 2) 4NH(CH 2) 3NH (spermine) 
formed a stable .coordination compound with copper(II) ion, 
which had a square planar geometry from x-ray diffraction as 
follows 41 : 
(l 
CN~/NH 2+ Cu • 2 Cl04 /" t)H2 
Tsou et a1. 6 also cited complex formation between platinum(II) 
chloride and spermine by chelation. The proposed complex 




1 ' Barbucci et al. prepared~iamines of the type 
H2N(CH2) 3NH(CH2) 4NH (spermidine) chelated to copper(II) ion 
forming a seven-membered ring fused with a six-membered one; 
the complexes are five coordinate with a square pyramidal 
geometry. Palladium(II} ion with a coordination number of 
4 has been shown to form an anionic complex with EDTA. It 
. 40 has the following structure : 
With the formation of two six-membered chelate rings 
per molecule of quadridentate ligand separated by a tetra-
methylene chain, a chelate effect enhances the stability of 
the complexes. The tridentate ligand combined with palla-
dium(II). ion forms one six-membered chelate ring. These 
5 
rings may be closed by the formation of coordinate bonds. 
The coordinate bonds are produced by the donation of elec-
tron pairs from the nitrogen atoms on the amines. 
2. The Coordination of ~alladium(II) 
Historically, the term "coordinate" derives from a 
basic assumption by Werner that complex salts result from 
the capacity of certain atoms to combine with a given maximum 
coordination number of other atoms or radicals. Werner 1 s 
theory consists of three important postulates: (1) most 
elements ·exhibit two types of valence, primary and secondary, 
which. correspond to oxidation state and coordination number; 
(2). every element tends to satisfy both its primary and 
:;;econdary valence; and (3). the secondary valence is directed 
toward fixed positions in space. This is the basis fpr the 
stereochemistry of metal complexes. Werner was the first 
to suggest a planar arrangement of the four groups around 
platinum(II).. Palladium(.II). compounds subsequently were 
discovered with the same structures as. Pt(.II) 40 . 
As the modern electronic concept of bonding developed, 
the Werner Theory could not explain the nature of secondary, 
or coordinated bonding. Three distinct approaches to the 
theory of bonding in metal compounds were introduced. These 
theories are: (1). the valence bond theory, (2) the crystal 
field theory, and (31 the molecular orbital theory. A brief 
discussion of each theory follows. 
6 
3.. The Valence Bond Theory 
The valence bond theory was proposed by Linus Pauling 
and others and presented in Pauling's The Nature of the 
Chemical Bond in 1940 7 . Paulingts ideas had an important 
impact on all areas of chemistry and his extensions of the 
valence bond theory aided coordination chemists and were 
extensively used. The theory attempts to interpret not only 
the structures and magnetic properties of metal complexes, 
but also their absorption spectra. Other theories seem to 
do this better. Therefore, coordination chemists have 
favored the crystal field, ligand field, and molecular orbi-
tal theories. 
From the valence bond point of view, the formation of 
a complex is a reaction between a Lewis base (ligand) and 
a Lewis acid (metal or metal ion) with the formation of 
coordinate covalent bonds between ligand and metal. Since 
the' ligands are considered to be electron pair donors, the 
metal_must have low energy orbitals available to accept these 
electron pairs. Through hybridization, appropriate orbitals 
Cs, p, d). on the metal are combined to provide new hybrid 
orbitals, which are directed to the ligand sites according 
to symmetry requirements of the complex. 
Valence bond representations of the electronic config-
urations are shown in Figure 1. Palladium(.II) has d8 elec-
trons available and exhibits a coordination number of 4 in its 
2 
complexes using dsp hybridization of the dx2-y2' s, Px' and 
Py atomic orbitals 8 . It thus is possible to predict that 
the square planar geometry for palladium(II) results in a 
diamagnetic complex ion. 
Ss Sp 
Pd2+ free ion 
Pd2+ in Square 
Ligand Electrons · 
Planar Complex XX XX XX 
FIGURE 1 
VALENCE BOND THEORY REPRESENTATION OF 
PD(II) AND ITS COMPLEX 
4. The Crystal Field Theory 
7 
The dominant feature of the crystal field th.eory is 
that all bonds between the central atom and the ligands are 
totally ionic. This approach first was· used by Be the (1929) 
and Van Vleck (1930) to explain the colors and magnetic 
properties of crystalline solids. The crystal field theory 
is an electrostatic approach in that the complex ion is 
viewed as a central metal cation surrounded by negative ions 
or the negative ends of polar molecules. 
The theory yields information by considering interac-
tion of the d orbitals of the metal ion with the various 
electronic fields of different ligands. These five d 
orbitals of the free metal ion all have the same energy and 
are said to be five-fold degenerate. In addition, the 
orbitals have maximum electron densities direct.ed in space, 
which are different for each of the five orbitals. The dz2 
8 
orbital has maximum electron density directed along the z 
axis, while the d 2 2 orbital has maximum density along the X -y 
x and y axes. The d , d , and dyz orbitals have maximum 
xy xz 
density directed along the x, y, and z axes. 
Crystal field theory assumes that, when ligands 
approach to form the complex, electrostatic repulsion between 
the ligands and d orbitals increases, which destroys degen-
eracy of the five d orbitals as present in the free metal 
ion. Those orbitals that lie along the direction of ligand 
approach are raised in energy because of repulsion; and the 
orbitals that lie furthest away from approaching ligands 
are lowered in energy. The net result is a splitting of the 
five d orbitals. into groups of orbitals of different energy. 
This energy difference is a measure of the field str~ngth 
of th.e ligands. 
Demitras, Russ, Salmon, Weber, and Neiss 9 suggest d 
orbital splitting for the square planar complexes of palla-
dium CII) as shown in Figure 2. 
The square planar arrangement of ligand molecules 
causes the d 2 2 level to have the highest energy. The dxy X -y 
orbital has the next highest energy since the axes of its 
lobes lie in the ligands' plane. Basolo and Pearson10 
indicate that the dz2 orbital has slightly higher energy 
than the dxz and dyz orbitals. This is justified by the 
collar of charge in the xy plane which gives a greater repul-
sion to the ligand field. The dxz and dyz are affected 
similarly and remain degenerate. 
9 
d 2 2 
-------------------------- ~ -y 
1k dxy 
-- -- -- -- -- -~-----------------------------------Free metal ion 1k dz2 
:1~ 1~ dxz, d yz 
After approach of ligands 
FIGURE 2 
THE RELATIVE ENERGIES OF THE d ORBITALS OF A PALLADIUM(II) 
IN A SQUARE PLANAR COMPLEX 
Cotton and Wilkinson11 point out that all palladium(II) 
complexes are four-coordinate, diamagnetic, and square 
planar. Wentworth and Brubaker12 ha~e demonstrated the 
square planar structure ·of palladium(II) compounds by 
crystallography. 
5. The Molecular Orbital Theory 
The molecular orbital theory includes both the covalent 
and ionic character of chemical bonds, although it does not 
specifically mention either. It treats the electron distri-
bution in molecules in very much. the same way that modern 
atomic theory treats the electron distribution in atoms. 
After positions of the atomic nuclei are determined, orbitals 
around the nuclei are defined. These molecular orbitals 
extend over part or all of the molecule~ Calculations of 
the shapes of molecular orbitals have been made for only the 
simplest of molecules. 
10 
Molecular orbitals in complexes are linear combinations 
of atomic orbitals of metal and ligand with the same symme-
try. Ligands can delocalize metal electrons over a large 
space. The ligand orbitals are generally of lower energy 
than metal orbitals; and hence, the bonds have some ionic 
character. That is, the bonding molecular orbitals are 
more like ligand orbitals; metal orbitals thus transfer 
13 Huheey suggested the general molecular orbital 
energy level diagram for square planar metal complexes 
shown in Figure 3. Two d orbitals, d 2 2 and dz2' and the X -y 
three 4p orbitals are oriented along the x, y, and z axes 
where the ligands are located. Orbital overlap with the 
ligand results in formation of bonding and anti-bonding 
molecula~ orbitals. The dxy' dxz' and dyz orbitals are not 
directed toward ligand orbitals, and hence, are not involved 
in sigma bonding. Their energies are unchanged and they 
thus are called nonbonding orbitals. In pallad~um(.II}, the 
orbital symmetries are such that the d 2 2 and s orbitals X -y 
could be involved iri bonding, as well -as the Px and Py orbi-
tals which can overlap with the bidentate ligand along the x 
14 
and y axes, as pointed out by Cartmell and Fowles . 
Of the three th_eories of bonding in complexes, the 
molecular orbital theory is potentially the best for our 
understanding of coordination. It is effective in describ-
ing both covalent and ionic characteristics of metal~ligand 






MOLECULAR ORBITAL ENERGY LEVEL DIAGRAM FOR 
SQUARE PLANAR COMPLEXESl3 
11 
12 
and it does not lend itself easily to a pictorial represen-
tation of chemically bonded atoms. 
CHAPTER III 
ELECTRONIC SPECTRA 
The intensity of the charge transfer bands depends on 
Examination of the UV-VIS spectra of the palladium square 
planar complexes leads one to observe only one absorption 
. 15 
maxJ.mum 
According to crystal field theory, a possible energy 
level diagram for Pd(IIl in o4h symmetry is: 
j~ xy 
1k 2 z 
Structure I 
..1.k .11! xz, yz 
Th.e electronic structure will depend upon the coordinating 
ligand. Degeneracy of the dxz and dyz orbitals will be 
lifted if the symmetry is less than n4h. 
2 2 Cb19 l X - y 
j~ xy (b2g) 
Structure II 
.1l .11 xz, yz (eg) 




Three or four spin-allowed electron transitions are 
expected in the square planar arrangement. The fourth 
electronic transition arises from loss of degeneracy of the 
Eg level (d , d ). • 
· xz yz · 
For heavy metals like palladium, the electrqnic transi-
tions are not assigned because LS coupling does not hold 
very well. The singlet-singlet electronic transitions are 
orbitals followed structure II: 
symmetry of these orbitals is: 
2 2 2 
z <xz = yz<xy<x -y . The 
a 1 <e <b2 <b1 • The elec-g g g g 
tron transitions are described in orbital form as follows: 
b 2g-+blg' eg-+blg' a 1g-+b1g. Symmetry of the total electronic 
1 1 1 1 1 1 
wave function is as follows: A1 -+ A2 , A1 -+ E , A1 -+ B1 • g g g . g g g 
rhese electronic transitions are usually energetically 
similar and form one maximum of varying widt~16 , 17 . 





The infrared spectra of polyamines and their palladium 
complexes have .been su.bJ ected~o exte.nsl. ve 1.nvest1.gation. 
18 19 Powell and Sheppard ' studied the spectra of some metal-
amine chelate complexes and established the frequencies of 
NH2 rocking and metal-nitrogen stretching. Assignment of 
characteristic frequencies for amine and amine salts have 
been reported by Bellamy20 , Silverstein and Bassler21 , 
Pavia22 , and Matts and Moore23 • 
The N-H stretching frequencies of aliphatic primary 
amines occur at 3400-3300 cm-l and those of secondary amines 
-1 
show a single band at 3350-3310 em . In the metal complexes 
of these, absorptions are .shifted to lower frequencies 24 . 
Romeo et a1. 43 assigned 3295, 3218, and 3214 cm-1 to N-H 
stretching modes in trans- (Pt (.dmso) (n-butylamine) Cl2}. Salts 
of primary amines show a strong, broad absorption between 
3500 and 3300 cm-l arising from asymmetric and symmetric 
stretch of the -NH3+ group because the N-H bond order in 
+ 25 H-NH2 - is higher than that in H-NH2 In addition, 
multiple combination bands of medium intensity occur in the 
2800-2000 cm-l region, the mos·t prominent being the band 




-1 absorption in the. range 1640-1560 em s·econdary amines 
absorb near 1500 cm-1 and sometimes exhibit a bending absorp-
tion near BOO cm-l Hedium to weak absorption bands for the 
unconjugated C-N linkage in primary or secondary amines 
appear in tl'l.e region 1230-1030 em -l. A series of bands from 
-1 1 
about 800 em to near 600 em- is caused principally by 
Nl:r k .. 44 n.2 roc J.ng 
have two M-L and two M-X infrared active stretching frequen-
. he -1 27 cies J.n t range 400-250. em . Adams states that the 
cis-palladium-chlorine infrared-active stretching frequencies 
in some complex halides· lie in the range 272-335 cm-1 28 • 
Metal-donor bands are generally much less intense than 
metal-halogen (.stretching} bands. The infrared intensity of 
metal-donor bonds depends on the rate of change of bond 
moment with bond length.; and whereas ·extension of a metal-
+ halogen bond would give th.e highly polar ion-pair (.M-X+M + 
X-1 , extension of a metal.;,.ligand bond would presumably give 




Reagents were obtained as follows: 4,9-diazadodecane-1, 
29 12-diarnine (spermine} tetre3:hydrochloride salt and 
4-azaoctane-1,8-diarnine (spermidine) trihydrochloride s~lt30 
from Sigma Chemical Company; palladiurn(.II) chloride from 
Alfa division, Ventron Company; 95% ethanol from Publicker 
Chemical Company; 2-propanol from Mallinckdrodt; and KBr 
from Brinkmann Instruments, Inc. All were reagent grade. 
2. Measurements 
Infrared spectra were obtained using a Perkin-Elmer 
model 337 spectrophotometer calibrated with polystyrene film. 
KBr pellets were used for all IR spectra reported. 
Ultraviolet spectra were obtained using a Perkin-Elmer 
model 202 spectrophotometer and stoppered silica cells of 
path length 1.00 ± 0.01 ern at room temperature. The wave-
length calibration was checked with horniurn oxide glass. 
Microanalyses were made by Stanford Microanalytical 
Laboratory, Palo Alto, California. 
Melting points of the complexes were determined in a 
17 
Thomas-Hoover capillary melting point apparatus. 
Potentiometric titrations were done using a Corning 
model 130 pH meter equipped with glass and calomel 
electrodes. 
3. The Spermine Complex Cby Method Al 
butanediamine dipalladium:(II): 
The palladium complex was prepared by a method similar to 
that used by Tsou6 , and by Palmer and Powe11 4 in preparing 
copper(II) and platinum(.II} complexes of polyamines. 
18 
One-half millimore (0.1732 gm} of 4,9-diazadodecane-1,12-amine 
(.spermine) tetra (hydrochloride) salt was dissolved in 25 ml of 
deionized water. The solution was placed in a 50 ml round 
bottom flask equipped with a reflux condenser. One-half 
millimole (0.0887 gm) of PdC12 then was added to the reaction 
flask. The pH of the solution was found to be 1 using hydrion 
paper. The mixture was heated and stirred with a magnetic 
stirrer using a heating mantle at a temperature of 0 60 C, and 
refluxed for 48 hours. During this time, the color of the 
solution changed from a dark orange-red to light yellow. 
When the reaction was complete, yellow crystals appeared. 
The flask was removed from the mantle and cooled to room 





and found to be 3. Crystals were filtered and washed with 
cold deionized water followed by 95% ethanol to remove any 
ligand residue. Attempts were made to dissolve the crystals 
in hot benzene, carbon tetrachloride, chloroform, dichloro~ 
methane, dimethylformamide, glycerol, methanol, methyl 
cyanide, and 2-propanol with the purpose of recrystaliza-
tion. The crystals were insoluble in all these liquids 
Finally, the c-:rystals were dried at 110°C for two hours 
and placed in a dessicator over anhydrous calcium chloride. 
The yield was 24.4% of theoretical based on palladium. 
Characterization of 1,4-bis(cis-dichloro-y-amino-
propyl) butanediamine dipalladium(II): The proposed square 
planar structure of the spermine complex was based upon: 
(.a) elemental analyses, (b) IR spectra, (c) UV spectra, 
and (dl the chloride test. 
Bletnental analyses. The yellow precipitate was 
analyzed for carbon, hydrogen, nitrogen, and chlorine and 
compared with the calculated values for the proposed struc-
ture as shown in Table I. 
. Thermal properties. The color changed from yellow 
to a brownish-black at the decomposition temperature of 
235-237°C. 
Ultraviolet and visible spectroscopy. The complex 
in 2-propanol had an absorbance maximum at 263 nm. The 
TABLE I 
ELEMENTAL ANALYSES OF SPERMINE AND SPERMIDINE 
AND THEIR PALLADIUM (II) HALIDE COMPLEXES 
COMPOUND CARBON HYDROGEN 
Pd2Cl4 ( C10H26N4) 
Calcd 21.57% 4.65% 
Spermine Complex 
Found 





(By method B) 
21.57% 4.65% 
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TABLE II 
REACTION TIME FOR FORMATION OF PD(II) WITH POLYAMINES 
COMPOUND SOLVENT CONDITION TIMING(HOURS) 
Spermine air 48 
water 
Complex N2 10 
Spermine 
DMSO/water air 3 
Complex 
Spermidine air 14 
water 
Complex N2 2 
TABLE III 
CHANGE IN pH DURING CHELATION OF 
PALLADIUM (II) AMINE COMPLEXES 
Metal-Amine pH at the Beginning 
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TABLE IV 
INFRARED SPECTRA ASSIGNMENTS FOR SPERMINE TETRA SALT 
AND SPERMIDINE TRIS SALT. AND THEIR RESPECTIVE 
PALLADIUM (II) COORDINATION COMPLEXES 
Group CM-1 Assignments 
Free Amine R-NH -3500 N-H Stretching ( 38) 2 
-3400 
Free Amine R-NH-R 3350-3310 N-H Stretching 
1640-1560 N-H In-plane Bending 
23 
-NH2 900-650 N-H Out-of-plane Bending 
-NH- 1580-1490 N-H Bending 
R-N-H (R) 1230-1030 C-N Stretching (26) 
H ( R) 
+ 3500-3300 NH3+Asymmetric stretch & -NH3 Symmetric stretch 
-2500 Overtones 
-2000 
1600-1575 NH 3 
+ Asymmetric bending & 
1500 Symmetric stretch 
+ 2700-2250 + Asymmetric stretch & -NH NH2 2 Symmetric stretch 
2000 Ove4tones 
1600-1575 NH2 Bending 
24 
spectrum obtained was riot conclusive in characterizing a 
particular complex, but was different from the original com-
pound which showed no absorbance in this·range. This aided 
in determining when equilibrium had been reached. 
Infrared s·pectra. The comparison of N-H stretching 
of the ligand.and the complex shown in Tables V and VI 
indicates that the amino nitrogens of spermine are bonded to 
two palladium atoms in Pd2C14 Cc10H26N4). There are absorp-
. -1 t1ons at 3294, 321Q, and 3139 em in Pd2cl 4 (~10H26N4 l and 
·comparable absorptions at 3440, 3218, and 3140 cm..,..1 in the 
spermine salt. N-H stretching frequencies are expected to 
be less in Pd-NH2 and Pd-NH- than in H-NH2+- and H-NH+-. The 
NH 2 rocking and twisting modes are shifted progressively to 
lower frequencies as chelation of the spermine to the metals 
compared with the spermine salt in Table V and vr 31 . Charac-
teristic frequencies, such as 318, 297 em -l, :~in the Pd-Cl 
stretching region indicate the chlorides are cis- to each 
other32 because the trans- configuration only has one absorp-
tion in this range. 
Tes:t ·for chloride ion. A 2-propanol solution of 
the complex tested with silver nitrate gave no precipitate, 
indicating the absence of free chloride ion. This confirms 
covalent coordination of the choride and the proposed neutral 










INFRARED SPECTRA OF 4,9-DIAZADODECANE-1,12-DIAMINE 
TETRA SALT BETWEEN 4000-250 CM- 1 
( also see Figure 13 ) 
INTENSITY ASSIGNMENTS 
3440 s, b N .... H+atfetch 
3218 vw,sh NH3+ oyer:tone 3140 vw,b NH stretch 
2800 w C-~ stretch 
2760 w 
' + 2500 mw NH3 overtones 2475 mw 
2415 mw 
2000 mw + 1615 mw, sh NH 3 asym & sym behd 1600 vs 
1580 vw, sh 
1520 vw, sh 
1498 vs 
1481 vs CH2 scissors 1456 s CH3 asym bend 1430 mw 
1409 mw 





1163 vs C-N stretch 
1147 ms CH2 wagging & twist 1070 ms 
1055 vw, sh 
1020 ms 






























Abbreviations used are as follows: 




ms, medium stron~ 















INFRARED SPECTRA OF 1,4-BIS(CIS-DICHLORO-r-~INOPROPYL) 
BUTANEDIAMINE DIPALLADIUM (II) BETWEEN 4000-250 CM- 1 
( Also see Figure 14 ) 
-------------~~-1------~~ 
- CM - INTENSITY AS SI G l'JlVIEWTS 
.3480 s ,b Hydrate 
.3294 ms N-H stretch 
.3210 s 
.31.39 ms 





1600 vs N-H in-plane be rid 
1585 vs 
1469 ms 
1459 ms CH2 scissors 14.31 s 
1.395 w ,sh C-N stretch 
1.385 s 





























=====---~-~-----------~- -- ------ -- -- _--~--~--~c- -.c_•--c-_:::_:_-_-::_- -- -- ------- --
28 
( 1,4-BIS(CIS-DICHLORO-r-AMINOPROPYL) BUTANEDIAMINE 
DIPALLADIUM (II) ) (CONTINUED) 
959· ms CH2 rock 930 ms 
905 ms 
878 ms 






318 ms Pd-Cl stretch 
297 s 
294 s 
279 mw Pd-N stretch 
265 mw 
Abbreviations used are as follows: 




ms, medium strong 




vw, very weak 
b , broad 
sh, shoulder 






Cl ~---~ Cl 







THE PROPOSED STRUCTURE OF SPERMINE COMPLEX 
4. The Spermine Complex Cby Method B) 
Preparation of 1,4-bis(cis-dichloro-y-aminopropyl). 
butanediamine dipalladium(II): 
An alternative method to synthesize the spermine complex was 
developed as follows: One-half millimole (0.0887 gml of 
PdC1 2 was dissolved in 3 ml of dimethylsulfoxide with 
stirring at 60°C 33 One-half millimole (0.1732 gm} 
4,9-diazadodecane-1,12-diamine tetra(hydrochloride) salt was 




1 N sodium hydroxide, and added to the solution of palladium 
salt. The resulting pH measured with hydrion paper was 1. 
The mixture was heated and stirred at 60°C for 3 hours. 
During this time, the color of the solution changed from a 
dark orange-red to light yellow and became. turbid. When the 
reaction had reached equilibrium, yellow crystals precipi-
tated. The mixture was cooled to room temperature and 
crystals were filtered through a fritted glass funnel, washed 
four times with 95% ethanol, dried at 110°C for 2 hours, and 
stored in a dessicator over anhydrous calcium chloride. 
The yield was 24.6% based on moles of palladium(IIl ion. 
Characterization of 1,4-bis(.cis-dichloro-y-amino-
propyl}butanediamine dipalladium(II}: The proposed square 
planar structure of the spermine complex was based on 
(a) elemental analyses, (b) IR spectra, (c) UV spectra, and 
Cd) the chloride test. 
Elemental analyses. The yellow precipitate was 
analyzed for carbon, hydrogen, nitrogen, ·and chorine and 
compared with theoretical values as shown in Table I. 
Thermal properties. The decomposition temperature 
was235-237°C, at which point the color changed from yellow 
to brownish black. 
Visible and ultraviolet spectroscopy. Similarly 
to complex A, the product sho'\'Ted absorbance at 263 nm in 
Jl 
2-propanol, whereas the ligand had no absorbance at this 
range. 
Infrared spectra. By comparing the spectra of 
spermine complexes from method A and B, similar absorptions 
were observed. ·These are shown in Figure 15. 
Test ·for chloride ion. The negative chloride test 
us·ing silver nitrate with an isopropanol solution of the 
complex confirms that no ionic chlorine is in the structure. 
5. The Spermidine Complex 
Prepa:ra·tion _of ·1,4·-· (cis-dichloro..:y·..:aminopropyl) 
· Cchloro-dihydroxylt bu tanediamine dipa lladi urn (II)_ 
One half~millimole (0.1272 gm) of 4-azaoctane-1,8-dimmine 
(spermidine) tris(hydrochloride) salt and one-half milli-
mole (0.0887 gm) PdC1 2 \Vere dissolved in "25 ml of deionized 
water in a 50 ml three-neck flask connected to a nitrogen 
tank, a reflux condenser and a U-tube containing mineral 
oil. The pH of the mixture was found to be 1 using hydrion 
paper. The mixture was heated and stirred with a magnetic 
stirrer. Nitrogen was bubbled through the solution for a 
0 period of 3 hours at 60 C. To the dark orange-red solution, 
1. 55 ml of 1 N NaOH 'irtas- added at room temperature, causing 
32 
th.e comple.te precipitation of the. spermidine complex. During 
this period, the red solution changed to yellow~ the final 
pH was 2.5 using hydrion paper. A light brown solid was 
obtained after washing with water followed by 95% ethanol 
using a 0.22 micron microporous filter to remove any 
unreacted spermidine residue. The product was dried at 
110°C in an oven for 2 hours, and stored in a dissicator. 
Characterization of 1, 4- (cis-dichloro-y-:aminopropyll 
(chloro-dihydroxyl) (butanediamine dipalladium(II) 
The proposed square planar structure of the spermidine 
complex is based on (a} elemental analyses, (_b} IR spectra, 
(.c). UV spectra, and (d} the chloride test. 
Elemental analyses. The light brown powder was 
analyzed for carbon, hydrogen, nitrogen, and chorine and 
compared with the theoretical values as shown in Table I. 
Thermal properties. The compound melted.with 
decomposition between 187°C and 210°C, leaving a black 
residue. 
Visible and ultraviolet spectroscopy. The spectrum 
shows a broad peak having a maximum at 260 nm in 2-propanol. 
Infrared spec·tra-. The spectra of spermidine and 
its palladium compl~x (.II). are included in the Tables VII and 
VI'II:. Th.ere are three absorptions at 3500, 3220, and 3140 
- ------ -------- ------- ----------
---- ----- ------ -_----- --c--::- --=== 
















INFRARED SPECTRA OF 4-AZAOCTANE-1,8-DIAMINE (SPERMIDINE) 
TR~S SALT BETWEEN 4000-250 CM- 1 
( see Figure 11 ) 
CM- 1 INTENSITY ASSIGNMENTS 
3420 ms, b N-H stretch 
2960 vs, b C-H stretch 
2820 s, 
2760 s, 
+ 2500 mw, NH3 overtones 2440 vw, 
2400 vw, 







1155 s, C-N stretch 
1055 ms, 
995 s, 
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TABLE VIII 
INFRARED SPECTRA OF 1,4-(CIS-DICHLORO-r-AMINOPROPYL) 
(CHLORO-DIHYDROXYL) BUTANEDIAMINE DIPALLADIUM (II) 
BETWEEN 4000-250 CM- 1 
( see Figure 12 ) 
INTENSITY ASSIGNMENTS 




3220 vs, sh N-H stretch 
3140 ms, '/ 
2940 w 
' 2880 vw, 
2860 vw, 
1585 s sh N-H in-plane bend , 
1465 ms, b 
~385 vs, 
·1254 mw, b 
1055 ms, b C-N stretch 
322 ms, b Pd-Cl 
295 vw, 









cm-l in the spermidine co~plex instead of 3420 cm-1 appear-
ing in the spermidine salt. The N-H inplarie bending modes 
had shifted from 1600 cm-l to 1585 cm-1 , and the e-N 
stretching mode of Pd-Cl indicates the chlorides are cis- to 
each other. 
Test for chloride ion. Addition of silver nitrate 
to a 2-propanol solution of the complex forms no precipitate, 
indicating the absence of chloride ion. 
6. Stability of the Complexes 
Complex formation usually results in a drop in the pH 
of the solution when metal displaces hydrogen ions on the 
amine. Thus, the pH effect may be used as a quantitative 
measure of stability of a metal chelate compound, and it may 
be taken as a qualitative measure of the degree of inter-
action which has taken place34 To test this, measurements 
35 
were done using a method described by Albert and Sergeant . 
The pH versus titrant volume titration curve of the 
metal chelate compound differs significantly from that of the 
pure ligand. Formation of a clear homogeneous solution when 
base is added to solution of the metal ion and a possible 
ligand is an indication that a metal chelate has been formed. 
If the chelate is sufficiently stable, it will have a charac-
teristic titration curve and there will be a sufficiently 
sharp end point to indicate the stoichiometric formula of 





determined by· titrating solutions· containing different 
ratios of ligand to metal ion. 
Titration of a 1:1 solution of spermine tetrahydro-
chloride ,salt and palladium(.IIl ions with NaOH indicate an 
end point at pH 6.70 ± 0.05 as shown in Figure 6. In the 
presence of a metal ion, Pd2+, the buffer region of the 
37 
titration curve obtained has a much lower pH range than that 
obtained in the absence of the metal ion. Subsequent addi-
tion of base results in a sharp increase in pH to give a 
very alkaiine solution in the case of the spe.rmine complex. 
Therefore., potentiometric titration curves of the metal 
chelates presented in Figure 6 show that the metal cations 
displace the hydrogen cations (curve B) at lower pH values 
than pure ligand (curve At. 
Potentiometric titration of 1:1 solutions of spermidine 
salt and palladium(II). ions with NaOH led to precipitation 
of the Pd(.II) complex. No precipitation occurred in the 
titration of the 4:1 solution. From the spermidine titra-
tion curve B in Figure 7, ~t is noted that the first portion 
is flat. This is between the stability range cif the free 
spermidine salt and formation of the bivalent palladium 
salt. A third portion of the ligand is neutralized at a 
higher pH by addition of the third mole of base per mole of 
spermidine. This proton is not neutralized until the pH 
exceeds 10. The pH drop of curve B is seen to be much 
greater than that of curve C. Higher stability of the Pd(.II) 
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Equivalents of NaOH Per Mole Of Ligand 
_40 
occurs throughout the titration range. The difference 
between the curves can reveal the stability constants. 
-~-----··-· -·· ------·------- - -- -------- ·- ------
CHAPTER VI 
DISCUSSION 
In this study, reaction of equimolar amounts of 
spermine ·salt and Pdc-I2in deionJ.zed water at boDe proa.u-c-el:l 
yellow crystals of 1,4-bis(.cis-dichloro-y-aminopropyl) 
butanediamine dipalladium(II). Alternatively, the reaction 
of spermine salt and PdC1 2 in equimolar amounts in dimethyl-
sulfoxide at 60°C aiso forms yellow crystals of spermine 
complex. Elemental analyses confirm both spermine complexes 
have the same formula- Po2cl4 (c10H26N4} -:and support the 
structure proposed in Figure 4. Equimolar aqueous solution 
of spermidine salt and PdC1 2 adjusted with NaOH solution 
gave 1,4(.cis-dichloro-y-aminopropyl) (chloro-dihydroxyl) 
butanediamine dipalladium(.II). Elemental analyses indicated 
the formula Pd2cl 3 (0H1 2 <.c 7H19N3}Na. 
Reaction times of the same complexes 





Completion of the reaction was determined by the visual 
color change. The complex·formation required less time at 
the same temperature and pH under N2 gas. Preparation of 
the spermine complex in DMSO as solvent is much more effi-. 
cient than in water. 







absorbed at 263 nm, whereas the sp.ermidine complex absorbed 
at 260 nm. Both absorbance values differed from the ori-
ginal compounds, which had no absorbance in this region. 
The infrared spectra of palladium complexes presented 
in this study indicate complex formation. Bands at 3440, 
3218, and 3140 cm- 1 for N-H stretching frequencies in sper-
-1 
mine salt have been shifted to 3294, 3210, and 3139 em in 
spermine complex. The disappearance of severaL bands 
between 2800-2000 cm-l confirms that the nitrogens on the 
amine salt are coordinated to metal atoms through the line 
pairs of electrons. Bands at 2960, 2760, 2500, and 2200 
cm-l in the spermidine salt disappeared, and new bands at 
3220 and 3140 cm-l occurred in the spermidine complex. The 
weak bands at 2800. cm ... 1 and 2760 cm-l in the spermine salt, 
-1 
and at 2820 em in the spermidine salt, disappeared; two 
-1 
strong bands at 2862 and 2935 em appeared in the. spermine 
complex and at 2880 and 2940 cm-l in the spermidine complex 
attributed to -CH- stretch37 • The N-H inplane bending modes 
in the spermine complex show strong absorptions at 1600 and 
1585 cm-l which, compared to the bands at 1615 and 1600 cm-l 
in spermine and 1155 cm-l in spermidine, are observed at a 
lower frequency in the complexes of spermine at 1110 cm-l 37 
and spermidine at 1055 cm-l Further evidence for the NH2 
rocking modes shifted to lower frequencies in the range of 
-1 800-600 em as the chelate compounds formed. The band 
-1 
attributed to hydroxyl group has appeared at 3500 em in 
th.e spermidine complex. 
The strongest evidence for the cis- conformation are 
that (.Pd-Cl). band assignments in spermine complex are 318 
-1 1 
em and at 322 and 295 em- in the spermidine complex. 
Bands at 279 and 265 cm-l in the spermine complex, and at 
-1 281 and 250 em .in the spermidine complex are assigned to 
palladium-ligand wagging. 
The amine group was bonded to palladium(.II) in the 
.43 
were bonded to palladium(II} in the spermidine complex. The 
characterization of complex compounds was done mainly using 
elemental analyses, infrared spectra, UV spectra, and the 
chloride test. The spermine complexes prepared by methods 
A and B resemble each other strongly, giving further indi-: 
cation that they are of identical structures. The new 
complexes were very insoluble in most solvents. Infrared 
-1 
spectrum in the 400-250 em region demonstrated metal-
chloride configuration. Definite color and pff changes 
indicated complex formation in all of the preparations. 
The orange-red color of palladium CII l chloride slowly changed 
to pale yellow or light brown, also characteristic of 
palladium complexes. If chelation of amine salt takes 
place according to the proposed structure, one of the bonds 
would be formed by displacement of a proton by the palladium-
(IIl ion. Thus, titration results can be rationalized to 
interpret structures of the complex compounds. 
---------- ------------------
---- -- -- ---------- -
-------------
--- ---





(II) and 1, 4- (cis-dichloro-y-aminopropyiTTCliloro-diliydroxyi) 
butanediamine dipalladiumCII) were successfully synthesized 
by the methods described in previous chapters. Synthesis 
of the spermine complex was accomplished by alterante 
methods. 
Characterization of the two new complexes was achieved 
using elemental analyses and infrared spectroscopy. Further 
supportive evidence was obtained from ultaviolet spectra and 
from potentiometric titrations. A new band in the UV was 
observed in the complexes at 260 nm for the spermine complex 
and at 263 nm for.the spermidine complex. Titration results 
were used to interpret structures of the complex compounds. 
Four equivalents of NaOH were required to titrate the hydro-
--------------
gen ion liberated from spermine~.4 HCl when the complex formed. 
The infrared spectra obtained showed significant shifting of 
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Figure 10, Ultraviolet Spectrum of Spermidine Palladium 1--omplex 
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Figure 14, Infrar.ed Spectrum of Spermine 
Palladium Complex A 
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Fi~re 15, Infrared Spectrum of Spermine 
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